In Japan, the first endoscopic surgery, a laparoscopic cholecystectomy, was performed in 1990. Since then, the operative procedure has been standardized, and the safety and usefulness of endoscopic surgery have been evaluated. In accordance with the social acceptance of endoscopic surgery as a less-invasive surgery, the number of endoscopic procedures has been increasing in all surgical domains. The Japan Society for Endoscopic Surgery (JSES) has played an important role in the development of endoscopic surgery in Japan. For example, JSES established a technical skills certification system for surgeons to train instructors how to teach safe endoscopic surgery, and the organization performs a national survey every 2 years. In 2015, a total of 211 953 patients underwent endoscopic surgery in all surgical domains, including abdominal, thoracic, mammary and thyroid gland, cardiovascular, obstetrics and gynecology, urologic, orthopedic, and plastic surgery. The course of laparoscopic surgery's development and its current status are reported here based on the results of the most recent questionnaire survey conducted by JSES.
Introduction
Laparoscopic cholecystectomy was first performed in Japan in 1990. Since then, endoscopic surgery has rapidly become popular in various domains of surgery because of its minimal invasiveness. Currently, laparoscopic cholecystectomy is accepted as the standard operation for cholecystolithiasis, and new laparoscopic techniques, such as single-port surgery and robotic surgery, are challenging the clinical setting (1, 2) .
Since 1990, the Japan Society for Endoscopic Surgery (JSES) has undertaken a national survey every 2 years to gauge the popularity of safe surgical techniques in endoscopic surgery (3, 4) . In this article, we demonstrate the current status of endoscopic surgery in Japan based on the results of the 13th national survey conducted by JSES in 2014-2015.
The questionnaire survey
A questionnaire on the current state of endoscopic surgery in 10 surgical domains was sent to 2847 institutions in Japan. The questionnaire asked about the number of patients who had undergone endoscopic procedures, the indications for each operation, and the ratio of intraoperative to postoperative complications. Of the 2847 institutions surveyed, 1328 replied, resulting in a reply rate of 46.6%. The data were analyzed for all domains, including abdominal, thoracic, mammary and thyroid gland, cardiovascular, obstetrics and gynecology, urologic, orthopedic, and plastic surgery.
Numbers of patients undergoing endoscopic surgery
The numbers of patients who underwent endoscopic operations increased in most domains. From 1990 to 2015, a total of 2 046 162 patients underwent endoscopic operations in Japan. Of these patients, 1 027 756 underwent endoscopic abdominal surgery, 549 983 underwent endoscopic surgery for obstetrics and gynecologic problems, 276 129 underwent endoscopic thoracic surgery, and 106 987 underwent endoscopic urological surgery.
Abdominal Surgery
Trend in the number of laparoscopic abdominal surgeries over time
The number of laparoscopic abdominal surgeries has generally increased since 1990. In total, 1 027 756 patients had undergone this surgery by the end of 2015 (Figure 1 ). Only 381 laparoscopic abdominal procedures were performed in 1990, but this figure rose to 92 177 procedures in 2015. Laparoscopic cholecystectomy has been performed in a total of 513 686 patients and accounted for 50.0% of the total number of surgeries. The next most performed procedures were laparoscopic resection of the small intestine, colon, and rectum (283 605 cases, 27.6%) and laparoscopic resection of the stomach (95 682 cases, 9.3%).
Selection of pneumoperitoneum method or abdominal wall-lifting method
Among 506 institutions, 469 (92.7%) employed the pneumoperitoneum method, only 5 (1.0%) performed the abdominal wall-lifting method, and 32 (6.3%) determined which method to use on a case-by-case basis. Recently, use of the abdominal wall-lifting method has decreased compared with use of the pneumoperitoneum method, but the abdominal wall-lifting method is often used in patients with deteriorated cardiopulmonary function.
Single-port laparoscopic surgery
In Japan, single-port laparoscopic surgery was first performed in 2008, and 52 838 patients had undergone this surgery by the end of 2015. The ratio of single-port to total laparoscopic abdominal surgeries was 9.9% (9142/92177) in 2015. The most popular single-port laparoscopic surgery was cholecystectomy, which was performed in 3834 patients in 2015. After cholecystectomy, appendectomy, colectomy, and inguinal herniorrhaphy were the most frequently performed procedures.
Port-site recurrence
From 1990 to 2013 in Japan, port-site recurrence was reported in a total of 79 patients (gallbladder cancer in 35, colon cancer in 18, rectal cancer in 8, gastric cancer in 8, gastric gastrointestinal stromal tumor (GIST) in 3, jejunal cancer in 2, hepatocellular carcinoma in 1, bile duct cancer in 1, and cholangiocellular carcinoma in 1). In 2014-2015, port-site recurrence occurred in 21 cases (colon cancer in 9, gallbladder cancer in 5, gastric cancer in 4, rectal cancer in 2, and pancreatic cancer in 1).
Laparoscopic cholecystectomy
Laparoscopic cholecystectomy was first reported in Japan in 1990, and between then and 2015, a total of 513 686 patients underwent this procedure. The number of patients each year and the treated diseases are shown in Figure 2 . In 1990, only 299 patients underwent laparoscopic cholecystectomy, but in 2015, it was performed in 30 616 patients. Open cholecystectomy was performed in 3998 patients in 2015, meaning the ratio of laparoscopic cholecystectomies to all cholecystectomies was 88.4% (30 616/34 614). Of the 513 686 patients who underwent laparoscopic cholecystectomy, 2558 (0.5%) required hemostasis intraoperatively (for bleeding by laparotomy), and 424 (0.1%) required it postoperatively. The most frequent sites of bleeding were the liver bed and the cystic artery, which accounted for over 80% of the cases. In total, 3137 patients (0.6%) had bile duct injury, and 218 (0.04%) had postoperative bile duct stenosis.
Open conversion was necessary in 17 900 patients (3.4%) for reasons not associated with bleeding or bile duct injury. The most frequent reasons were indistinct anatomy and severe adhesion due to local inflammation in 13 359 patients (74.6%).
Laparoscopic treatment for bile duct stones
By the end of 2015, a total of 41 329 patients, including 2738 patients in 2015, had undergone laparoscopic treatment for bile duct stones. Laparoscopic common bile duct exploration was performed in 10 474 patients (25.3%), and laparoscopic transcystic choledocholithotomy was performed in 1617 patients (3.9%). A combination method of laparoscopic cholecystectomy with either preoperative and postoperative endoscopic sphincterotomy or endoscopic papillary balloon dilatation was performed in 28 913 patients (70.0%). The ratio of the combination method to the total number of procedures has gradually increased, reaching 79.6% in 2015. In particular, there has been a recent trend toward preoperative endoscopic sphincterotomy followed by laparoscopic cholecystectomy; this combination method accounted for 70.1% of all procedures in 2015.
Inguinal hernia
Data were derived from 463 institutions. A total of 296 152 operations for inguinal hernias were performed from 1990 to 2015. Among the 463 institutions, 152 institutions (32.8%) performed an endoscopic procedure in all patients, 77 institutions (16.6%) did so in bilateral hernia patients, and 75 institutions (16.2%) did so for recurrent hernia. Endoscopic procedures were performed in 59 888 patients (20.2%); these procedures included transabdominal preperitoneal (TAPP) repair in 41 699 patients (14.1%) and totally extraperitoneal (TEP) repair in 18 219 patients (6.2%).
Complications from endoscopic procedures occurred in 3239 patients, including 232 patients who were converted to the conventional procedure intraoperatively or underwent laparotomy postoperatively. Recurrence rates in patients who underwent TAPP repair and TEP repair in 2014 and 2015 were 3.0% (375/12 484 patients) and 3.4% (97/2816 patients), respectively, in 154 institutions. 
Gastric and duodenal ulcer perforation
The number of patients who underwent surgery for perforation totaled from 1990 to 2015. Duodenal ulcer perforation closure procedures were performed most frequently (7313 cases, 66.8%). In 2015, nearly half of the procedures (1037 cases, 49.0%) were endoscopic, and the remaining 1078 cases were treated by open procedures. The rate of endoscopic surgery for gastric and duodenal ulcer perforation increases annually. 
Current status of laparoscopic gastrectomy for gastric cancer
At the time of this survey, 25 years had passed since first laparoscopic gastrectomy for early gastric cancer was performed. In that time, the number of laparoscopic gastrectomies increased because the procedure is less invasiveness than open gastrectomy. Additionally, the number of laparoscopy-assisted distal gastrectomies with extended lymphadenectomy increased in recent years ( Figure 3 ). Between 1990 and 2015, the number of advanced laparoscopic procedures, such as laparoscopyassisted total gastrectomy and laparoscopy-assisted proximal gastrectomy, increased annually. However, during that time, the number of laparoscopic wedge resections and intragastric mucosal resections for gastric cancer decreased because newly developed endoscopic treatments made it possible to perform en bloc dissection for larger cancers limited to the mucosa.
Intraoperative and postoperative complications in laparoscopic gastrectomy for gastric cancer
The incidences of intraoperative and postoperative complications in laparoscopy-assisted distal gastrectomy were 1.1% and 10.4%, respectively. In contrast, the incidences of these complications in 2014 and 2015 in laparoscopy-assisted total gastrectomy were 2.5% and 20.5%, respectively. Although the incidence of operative complications in 2014 and 2015 in laparoscopy-assisted distal gastrectomy is similar to that in open surgery, anastomotic complications are more frequent in laparoscopic gastrectomy for upper gastric cancer. In the future, it will be important to standardize acceptable anastomosis procedures after laparoscopy-assisted total gastrectomy or laparoscopic proximal gastrectomy. 
Colorectal surgery for benign disease
laparoscopic surgeries for benign tumors, complicated diverticulitis, and appendicitis increased annually between 1991 and 2015, but there was no noticeable change in the proportion of procedures for ulcerative colitis and Crohn's diseases after 2003. Colorectal surgery for malignant disease There were 187 778 cases of colorectal surgery for malignant disease, including 60 055 cases of early colorectal cancer, 96 503 cases of advanced colorectal cancer, and 3478 cases of other malignancies (Figure 4). The proportion of endoscopic surgical procedures for colorectal cancer increased between 1993 and 2015. In 2015, laparoscopic surgery accounted for 61.0% (16 002/26 213) of all surgical procedures for colon cancer and 64.4% (8981/13 947) of all surgical procedures for rectal cancer.
Liver disease
A total of 15 029 laparoscopic liver surgeries were performed between 1990 and 2015 ( Figure 5 ). The most common indication for laparoscopic liver surgery was hepatocellular carcinoma (8354 cases, 55.6%), followed by metastatic liver tumors (3599 cases, 23.9%) and liver cysts (1898 cases, 12.6%). The number of operations for liver resection increased rapidly during this period, whereas those for laparoscopic local ablation therapy (radiofrequency ablation/microwave coagulation therapy) decreased gradually. Among 15 029 patients, 272 intraoperative complications (e.g. hemorrhage) and 296 conversions to open surgery were reported; postoperative complications (e.g. bile leak and wound infection) were reported in 784 patients.
Pancreatic disease
Laparoscopic pancreatic surgery was performed in 3491 patients from 1990 to 2015, most commonly for intraductal papillary mucinous neoplasm (860 cases, 24.6%), neuroendocrine tumor (584 cases, 16.7%), and pancreatic cancer (560 cases, 16.0%). The most performed operation was distal pancreatectomy (body-tail, 2287 cases, 65.5%; tail, 365 cases, 10.5%). Pancreaticoduodenectomy was performed in 190 patients (5.4%). Complications (e.g. pancreatic fistula) occurred in 786 patients, including 155 who were converted to open surgery intraoperatively or underwent laparotomy postoperatively.
The rate of laparoscopic pancreatic surgery, particularly that of distal pancreatectomy for benign and lowgrade malignant tumors, increased yearly, but pancreaticoduodenectomy remains uncommon because of its high technical difficulty.
Splenic disease
A total of 6646 laparoscopic splenic surgeries were performed between 1990 and 2015, most of which were splenectomies (6544 cases, 98.5%). The number of operations performed plateaued toward the end of the survey period. In 2014-2015, idiopathic thrombocytopenic purpura (183 cases, 29.8%) comprised the largest proportion of cases, followed by hypersplenism (142 cases, 23.1%). Among the 6646 patients treated during the survey period, 510 complications were reported, and the complication rate decreased annually. The number of conversions from laparoscopic to open surgery was 242.
Obesity and Metabolic Disorders
Endoscopic and laparoscopic bariatric procedures were performed in 1354 obese patients between 2002 and 2015. The most performed procedure was laparoscopic sleeve gastrectomy (695 cases, 51.3%). This was followed by laparoscopic sleeve gastrectomy with a duodenojejunal bypass in 237 patients (17.5%), laparoscopic Roux-en-Y gastric bypass in 211 patients (15.6%), endoscopic intragastric balloon placement in 107 patients 
Pediatric Surgery
In the field of pediatric surgery, laparoscopic procedures have maintained an upward trend because of their Thoracoscopic surgery was performed in 256 patients in 2015. In that year, most procedures were performed to treat pectus excavatum (137 cases, 53.5%) by the Nuss procedure. Additionally, lung resection was also performed by thoracoscopic surgery.
Thoracic Surgery

Thoracoscopic surgery methods
Among 254 facilities, 129 facilities (50.8%) performed complete video-assisted thoracic surgery (VATS), including 33 facilities (13.0%) that performed VATS under direct vision and 90 facilities (35.4%) that performed hybrid surgery.
Lung disease
From 1990 to 2015, 155 309 operations were performed by VATS for lung disease. The numbers of operations performed for benign and malignant diseases were 30 704 and 124 605, respectively. The number of thoracoscopic surgeries for lung disease increased every year, and in particular, surgery for lung cancer increased rapidly, with the procedure performed in 9272 patients in 2015 (Figure 7 ).
Pleural and thoracic wall disease
A total of 90 492 operations were performed from 1990 to 2015. The main disease was pneumothorax, for which approximately 3000 patients were operated on every year. In the later years of the survey period, operations for pyothorax increased.
Mediastinal disease
A total of 15 389 operations were performed from 1990 to 2015, with 992 procedures performed in 2015. In 231 Institutions malignant mediastinal tumors and myasthenia gravis were considered to be contraindications for VATS in 101 (44%) and 67 (29%) facilities, respectively.
Mammary Gland and Thyroid Surgery
Mammary gland surgery
The number of patients who underwent endoscopic surgery was 6598 between 1995, when endoscopy was first used in this field, and 2015. Benign and malignant diseases accounted for 1011 and 5587 patients, respectively. During the survey period, endoscopic surgery was gradually used in patients with breast cancer.
Thyroid surgery
A total of 3262 patients underwent endoscopic surgery for thyroid disease between 1997, when endoscopy was first used in this field, and 2015. This procedure was selected most frequently for benign tumors (2004 cases). 187 patients underwent treatment for Basedow's disease. However, 871 patients underwent treatment for malignant tumors, including 471 who underwent cervical lymphadenectomy for malignant thyroid tumors. 
Obstetrics and Gynecology
The Japan Society of Gynecologic and Obstetric Endoscopy and Minimally Invasive Therapy has administered a questionnaire survey in relation to the JSES questionnaire survey every other year since 2004. In the present report, the results of the 2014-2015 Japan Society of Gynecologic and Obstetric Endoscopy and Minimally Invasive Therapy survey and the 2014-2015 JSES survey have been combined (Figure 8 ).
Selection of pneumoperitoneum method or abdominal wall-lifting method
In 70 institutions, the pneumoperitoneum method was selected in 57 (81.4%), whereas the abdominal walllifting method was selected in only one (1.4%) 12 institutions (17.1%) determined which method to use on a case-by-case basis from 2014 to 2015. The abdominal wall-lifting method was used in patients with pregnancy and with deteriorated cardiopulmonary function. There were no complications associated with the abdominal wall-lifting method.
Laparoscopic treatment for the uterus and adnexum
The number of patients who underwent surgery was 458 551 from 1990 to 2015, including 138 249 patients (30.1%) with a diagnosis of a benign ovarian tumor. The other diseases for which laparoscopic surgery was performed were myoma of the uterus (28.4%), endometriosis (19.3%), and ectopic pregnancy (6.8%). The 
Hysteroscopic surgery
Hysteroscopic surgery was performed in 82 816 patients from 1990 to 2015. The most common disease for which hysteroscopy was performed was submucosal myoma in 37 825 patients (45.7%), followed by endometrial polyp in 36 970 patients (44.6%). Complications occurred in 67 patients in 2014 and in 82 patients in 2015.
Salpingoscopy
A total of 5626 salpingoscopies were performed between 1990 and 2015. The most common indication for salpingoscopy was obstruction of the ovarian duct (3628 cases, 64.5%), followed by stenosis of the ovarian duct (876 cases, 15.6%) and functional sterility (831 cases, 16.5%). Postoperative complications occurred in one patient in 2014 and one patient in 2015.
Urology
Selection of pneumoperitoneum method or abdominal wall-lifting method
Among 222 institutions, 217 institutions (97.7%) selected the pneumoperitoneum method, 3 institutions (1.4%) selected the abdominal wall-lifting method, and 2 institutions (0.9%) determined which method to use on a caseby-case basis in 2016 (at the survey). The abdominal walllifting method was used in patients with deteriorated cardiopulmonary function, those who were highly obesity, and those with pheochromocytoma at these 2 institutions.
Single-port laparoscopic surgery
A total of 2079 patients had undergone single-port laparoscopic surgery from 2008 to 2015. The most popular single-port laparoscopic surgery was radical nephrectomy (509 cases, 24.5%), followed by adrenalectomy (497 cases, 23.9%), and living donor nephrectomy for transplantation (301 cases, 14.5%).
Port-site recurrence
Port-site recurrence was reported in eight patients (renal pelvis and ureteral cancer, 4; renal cancer, 3; and prostate cancer, 1) in 2014-2015 in Japan. The mean time to port-site recurrence was 14 months. Five patients with port-site recurrence underwent re-operation. Systemic chemotherapy was performed in two patients and radiation in one patient. Others A total of 2772 laparoscopic surgeries were performed from 1999 to 2015. The most frequently performed operation was laparoscopic total cystectomy (1463 case). There were 57 patients with intraoperative and postoperative complications. In 21 patients, conversion to open surgery was needed.
Conclusion
The current status of endoscopic surgery in Japan presented in this report was based on the results of a questionnaire survey conducted by the JSES (4). The results show a steady increase in the number of endoscopic operations performed and a decrease in the ratio of intraoperative to postoperative complications, indicating the successful development and spread of endoscopic surgery in every surgical field in Japan. These successes have occurred as a result of the standardization of endoscopic procedures, improved training, and the creation of the JSES's technical skill certification system for physicians (5) .
Recently, as optimal new systems and energy devices have been developed, new endoscopic procedures, such as single-port surgery and robotic surgery, have emerged (1,2). The indications for endoscopic surgery have also been extended in every surgical field. We hold great hope for the continued development of endoscopic surgery in Japan.
